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EXPLORATION OF SIGNALING CYCLES USING DYNAMIC OPTIMIZATION
Ultrasensitivity Saturation parameter Saturation parameter
- Ultrasensitivity can always be achieved when both the signaling-enzyme-to-
-substrate and phosphatase-to-substrate ratios are small. 
- However, this condition alone is not sucient to allow ultrasensitivity. It is also 







































































































































































































































































Signal transduction pathways - enable cells to:
- sense changes in their environment
- integrate external or internal signals, 
and respond to them by changes in transcriptional activity, metabolism, or 
other regulatory measures. 
These pathways are very important for major developmental and genetic
changes in every organism (cell growth, mitogenesis, diﬀerentiation, embryo 




- enzyme-catalyzed chemical modiﬁcation of a protein 
molecule and 
- the reverse reaction catalyzed by a diﬀerent
 enzyme (monocyclic cascades)
This basic unit is found repeatedly 
in multiple conﬁguration, 
throughout a wide variety of 






Analysis of MAPK Cascades
Dynamic Optimization Problem
Diﬀerential-algebraic
     equation system
 Dimensionless 
transient model
       Mass balance
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Propagation Time
                      - Given ampliﬁcation gain
                   - Given maximal ultrasensitivity
              - Optimization of the sum of two signal 
















































































variation in functional behavior
optimization
techniques
Monocylic: Promotes longer signaling ti-
mes than a multicyclic, even under lower 
ultrasensitivity constraints.
Multicylcic: Similar trend for the kinetic
parameters for bi- and tricyclic cascade.
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